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(57] Abstract: 

PURPOSE: To provide a new gene DNA useful for the production of L-threonine. 
CONSTITUTION: A gene DNA coding threonine synthase (E.C.4.2.99.2), originated 
from Brevibacterium flavum belonging to coryne-form bacteria and having the DNA 
base sequence of e.g. formula. It can be produced by cloning a coryne- form 
bacterial strain capable of producing threonine synthase, especially Brevibacterium 
flavum MJ233 (FERM BP-1497).COPYRIGHT: (C)1993,JPO&Japio 
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[#f*!&#<£*5ffij v um ) &&<D7<. — \f (E . C. 4. 

[sfi^^m 1 1 ^'JMiiw^yu^^r'^ 2. 99. 2. ) ta-K-rase^DNAo 

^ - y ?'<J» ( Brovibacterium f 1 a [I8#JS2] A*tSffi?'J 



GTGGACTACA 


TTTCGACGCG 


TGATGCCAGC 


CGTACCCCTG 


CCCGCTTCAG 


TGATATTTTG 


60 


CTGGGCGGTC 


TAGCACCAGA 


CGGCGGCCTA 


TACCTGCCTG 


CAACCTACCC 


TCAACTAGAT 


120 


GATGCCCAGC 


TGAGTAAATG 


GCGTGAGGTA 


TTAGCCAACG 


AAGGATACGC 


AGCTTTGGCT 


180 


CGTGAAGTTA 


TCTCCCTGTT 


TGTTGATGAC 


ATCCCAGTAG 


AAGACATCAA 


GGCGATCACC 


240 


GCACGCGCCT 


ACACCTACCC 


GAAGTTCAAC 


AGCGAAGACA 


TCGTTCCTGT 


CACCGAACTC 


300 


GAGGACAACA 


TTTACCTGGG 


CCACCTTTCC 


GAAGGCCCAA 


CCGCTGCATT 


CAAAGACATG 


360 


GCCATGCAGC 


TGCTCGGCGA 


ACTTTTCGAA 


TACGAGCTTC 


GCCGCCGCAA 


CGAAACCATC 


420 


AACATCCTAG 


GCGCTACCTC 


TGGCGATACC 


GGCTOCTCTG 


CGGAATACGC 


CATGCGCGGC 


480 


CGCGAGGGAA 


TCCGCGTATT 


CATGCTGACC 


CCAGCTGGCC 


GCATGACCCC 


ATTCCAGCAA 


540 


GCACAGATGT 


TTGGCCTTGA 


CGATCCAAAC 


ATCTTCAACA 


TCGCCCTCGA 


CGGCGTTTTC 


600 


GACGATTGCC 


AAGACGTAGT 


CAAGGCTGTC 


TCCGCCGACG 


CGGAATTTAA 


AAAAGACAAC 


660 


CGCATCGGTG 


CCGTGAACTC 


CATCAACTGG 


GCTCGCCTCA 


TGGCACAGGT 


TGTGTACTAC 


720 


GTTTCCTCAT 


GGATCCGCAC 


CACAACCAGC 


AATGACCAAA 


AGGTCAGCTT 


CTCCGTACCA 


780 


ACCGGCAACT 


TCGGTGACAT 


TTGCGCAGGC 


CACATCGCCC 


GCCAAATGGG 


ACTTCCCATC 


840 


GATCGCCTCA 


TCGTGGCCAC 


CAACGAAAAC 


GATGTGCTCG 


ACGAGTTCTT 


CCGTACCGGC 


900 


GACTACCGAG 


TCCGCAGCTC 


CGCAGACACC 


CACGAGACCT 


CCTCACCTTC 


GATGGATATC 


960 


TCCCGCGCCT 


CCAACTTCGA 


GCGTTTCATC 


TTCGACCTGC 


TCGGCCGCGA 


CGCCACCCGC 


1020 


GTCAACGATC 


TATTTGGTAC 


CCAGGTTCGC 


CAAGGCGGAT 


TCTCACTGGC 


TGATGACGCC 


1080 


AACTTTGAAA 


AGGCTGCAGC 


AGAATACGGT 


TTCGCCTCCG 


GACGATCCAC 


CCATGCTGAC 


1140 


CGTGTGGCAA 


CCATCGCTGA 


CGTGCATTCC 


CGCCTCGACG 


TACTAATCGA 


TCCCCACACC 


1200 


GCCGACGGCG 


TTCACGTGGC 


ACGCCAGTGG 


AGGGACGAGG 


TCAACACCCC 


AATCATCGTC 


1260 


CTAGAAACTG 


CACTCCCAGT 


GAAATTTGCC 


GACACCATCG 


TCGAAGCAAT 


TGGTGAAGCA 


1320 


CCTCAAACTC 


CAGAGCGTTT 


CGCCGCGATC 


ATGGATGCTC 


CATTCAAGGT 


TTCCGACCTA 


1380 


CCAAACGACA 


CCGATGCAGT 


TAAGCAGTAC 


ATAGTCGATG 


CGATTGCAAG 


CACTTCCGTG 


1440 



AAGTAA 1446 

(e. c. 4. 2. 9 [i&*jg3j &<DT$/mmm 

9. 2) fca-K-fSfce^DNAo 

Val Asp Tyr lie Ser Thr Arg Asp Ala Ser Arg Thr Pro Ala Arg Phe 

15 10 15 

Ser Asp lie Leu Leu Gly Gly Leu Ala Pro Asp Gly Gly Leu Tyr Leu 

20 25 30 

Pro Ala Thr Tyr Pro Gin Leu Asp Asp Ala Gin Leu Ser Lys Trp Arg 

35 40 45 

Glu Val Leu Ala Asn Glu Gly Tyr Ala Ala Leu Ala Ala Glu Val lie 

50 55 60 

Ser Leu Phe Val Asp Asp He Pro Val Glu Asp He Lys Ala He Thr 
65 70 75 80 

Ala Arg Ala Tyr Thr Tyr Pro Lys Phe Asn Ser Glu Asp He Val Pro 

85 90 95 

Val Thr Glu Leu Glu Asp Asn He Tyr Leu Gly His Leu Ser Glu Gly 

100 105 110 

Pro Thr Ala Ala Phe Lys Asp Met Ala Met Gin Leu Leu Gly Glu Leu 

115 120 125 

Phe Glu Tyr Glu Leu Arg Arg Arg Asn Glu Thr lie Asn lie Leu Gly 

130 135 140 

Ala Thr Ser Gly Asp Thr Gly Ser Ser Ala Glu Tyr Ala Met Arg Gly 
145 150 155 160 
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Arg Glu Gly lie Arg Val Phe Met Leu Thr Pro Ala Gly Arg Met Thr 

165 170 175 

Pro Phe Gin Gin Ala Gin Met Phe Gly Leu Asp Asp Pro Asn lie Phe 

180 185 190 

Asn lie Ala Leu Asp Gly Val Phe Asp Asp Cys Gin Asp Val Val Lys 

195 200 205 

Ala Val Ser Ala Asp Ala Glu Phe Lys Lys Asp Asn Arg Tie Gly Ala 

210 215 220 

Val Asn Ser lie Asn Trp Ala Arg Leu Met Ala Gin Val Val Tyr Tyr 
225 230 235 240 

Val Ser Ser Trp lie Arg Thr Thr Thr Ser Asn Asp Gin Lys Val Ser 

245 250 255 

Phe Ser Val Pro Thr Gly Asn Phe Gly Asp He Cys Ala Gly His lie 

260 265 270 

Ala Arg Gin Met Gly Leu Pro He Asp Arg Leu He Val Ala Thr Asn 

275 280 285 

Glu Asn Asp Val Leu Asp Glu Phe Phe Arg Thr Gly Asp Tyr Arg Val 

290 295 300 

Arg Ser Ser Ala Asp Thr His Glu Thr Ser Ser Pro Ser Met Asp He 
305 310 315 320 

Ser Arg Ala Ser Asn Phe Glu Arg Phe He Phe Asp Leu Leu Gly Arg 

325 330 335 

Asp Ala Thr Arg Val Asn Asp Leu Phe Gly Thr Gin Val Arg Gin Gly 

340 345 350 

Gly Phe Ser Leu Ala Asp Asp Ala Asn Phe Glu Lys Ala Ala Ala Glu 

355 360 365 

Tyr Gly Phe Ala Ser Gly Arg Ser Thr His Ala Asp Arg Val Ala Thr 

370 375 380 

lie Ala Asp Val His Ser Arg Leu Asp Val Leu He Asp Pro His Thr 
385 390 395 400 

Ala Asp Gly Val His Val Ala Arg Gin Trp Arg Asp Glu Val Asn Thr 

405 410 415 

Pro He lie Val Leu Glu Thr Ala Leu Pro Val Lys Phe Ala Asp Thr 

420 425 430 

He Val Glu Ala He Gly Glu Ala Pro Gin Thr Pro Glu Arg Phe Ala 

435 440 445 

Ala He Met Asp Ala Pro Phe Lys Val Ser Asp Leu Pro Asn Asp Thr 

450 455 460 

Asp Ala Val Lys Gin Tyr He Val Asp Ala He Ala Asn Thr Ser Val 



465 
Lys 



470 



475 



480 



~C^£*X5^ Uifr^sUW—H (E. C. 4. 2. 9 
9. 2. ) &3-K-t*»g-;fDNA 0 

itn&m 4 ] 1—3 (o^-rtiMctdM^mB^ 

D N A tmA £ McW^^zfy * S Ko 
[if 5 1 ift*9[ i~3 m >-f jxa»K:?E«G>«£-F 

£££rDNA£&^1-*|a&;i:/:7X^ K 



[0 0 0 1 ] 

(E. C. 4. 2. 9 9. 2. ) *a-K-#-*&&?* 
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A ( Brevibacter i um f I a v u m ) & 

[0002] L-y^>ii. &mT^;&kL.xm&'% 

I0003J 

LXK, ^ >±mmxhz a y **g*8«©&«* 

L-xu*^&»&1rZ1jm&tabtiX^Z W£ 
tf. #0Pg4 7- 1 90 8 45^585 4-3 2 

0 7 0^, W54-92 6 9 2f^M# 

PftB8BS5 8-l 2 6 7 8 9§^i, ^§8Bg6 0-3 0 
6 9 3-^$, #88036 2 - 1 8 6 7 9 5*6MM# 

[00041 — xi/tsys/y^- J fc? (e. c. 

4. 2. 9 9. 2. ) Sra-KI-aae^tLTtt, * 
^x!)tr-3!l ( Escherichia c o ] 
_0 A^WaHS^?- [Nucleic Acids Re 
search 1 1, p 7 3 3 1-p 7 34 5 &M) # 

(E. C. 4. 2. 9 9. 2. ) H 
Ttt. yi/f/^ry^A . y>7 YVT-tlsfJ* (B 
revibacteri um I actofermen 
t um ) , ay^f!) £A • ^a^A ( Cor 
ynebacterium glutamicum ) ^ 
#fcie>*UTt*6 (Nucileic Acids Re 
search J_6 , p9859, 1 9 8 8 ; M o I e 
cularMicrob iology, 4, p 1 693 
-pi 7 0 2, 1 9 90^), l^L^P,, -/H^ 
^7!) £A ■ Vy/^h, ( Brevibacteriu 
m f 1 a v u m ) &%<F>7. if (E. 

C. 4. 2. 9 9. 2. ) &^-K-f*iBfc^|;:o(,>T 

[0 0 0 5J 

^^t!J £A - 7 ( B revibacteri 

um f i a v um ) — 
(E. C. 4. 2. 9 9. 2. ) Ki-Sftfi?* 

&mfc*zmmvhz a y ^mmm^mA u 



7: u-*=.^Sr*!5W-5 - £ -e*>5o 
[0 0 0 6] 

#»SU »aeT-«r»a4'<^^-^7^? Ki:SAL 

[0 0 0 7] *>< LT#*9!fcJ:*itf 

(1) =9*WKKIi£lk*&-7\'\+s<*?9 77 

NA ; 

(2) ^l^DNA^A^fti^x.^7X$ K ; 

(3) »x.7'7^^ KT^MEB^ftfcay*ffifli 

(4) ^;U3- 
* t LTL-^ v& fiat-re ^7&^|g^ £ 

[0 0 0 8] £AT. ^^lco^X$e>i-^{C^i- 

^dnaj til. ^^tyyi^y^i^ 

•££8^, tftbt,XU*=>i/>^-f (E. C. 
4. 2. 9 9. 2. ) «r3-K-f*«e^DNA£«i* 

e^Sr^tfDNAKM- (£AT* :^ r A |$r#j <t*&f* 
•far I*, *©^ffi*J***j££iifcfc|;:*5 

^o««&46«**fcLrtt, ay*s*H 

3^ faXZ~f \s \£ -T y #A • 7ys<J>> ( Brevib 
a c t e r i um f 1 a v um ) MJ233 (FER 

m bp - 1 4 9 7) &£xfi*<D&xm&Gm&&m$ 
[0009] ztib<om#wm&m>bAmK&mgL? 

y!)A.77^UMJ~2 3 3 (FERM BP-14 
9 7) ^C0^fe«c±iC^L, r<Djfefi#£*34M« 
S*-eSWr*-* r £ lc J: 9 £-f «M>e>J£lT 

[0010] 5feT, Awty^ • 77/^Mj 

- 2 3 3«©«at«f^€>Jfefe*DNAS:tttfl-t-S. -(O 
^DNA!rI^//W^, S p h I 

$:^n-- 0Hxl^pHSG3 9 9 (S® 

(^^>^y tr • ay) «^cgscso 7 7 
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(Escherichia coli Genetic 
Stock Center). *rs<— h 

% x-yi/a-z^y^f^ (D e p a r t m 
ent ofBiology, Yale Univer 
sity) ; P. O. Box6666New Have 
n, CT 0 6 5 1 1 -7 4 4, U. S. A. 

«IE*I*£»#1-S. 

[0 0 11] #6ix^He«»J;or7^5 KDNA 
«r»au «MW**«^s::*fc*9i*ASHfc* 

lxtf/<^y £A - 77^MJ -2 3 3ft&£#ji3£ 

bit-SDN A#f/T"£r, »TI6/i^^-^7 

m i 

B a mH I 1 

P s t I 1 

Dd e I 2 

M 1 u I 1 

Xh o I 1 

Hindi 2 

[0 0 15] fcfc, *W»»(C*5V^T, Ml»il»lcj:5 

[0 0 16] rtsBf*fjt*>*:£*j &tf:/7*s 

tt* xv/xJitT - 3^7^7r-^ (X ph a g 
e) ODNA^MSjf^Hi nd III T-£WJr LT»£> 

0^EM?tt*MlSWM£&3#. tit. XV 

•x 3 /^^l 747r-v? (0x17 
4 phage) DDNAgrffiOIBBXHa e IIIT'^L 
"C»e>ttS»-7-ft|JEjai«>DNAWr^«)|^-sKy T t ]} ;u 

trHai-5. ?7^ Ktf)*££tt. »W*Jfr«i«i 

fao. ikb^?>ikb^«it^$ 
(cov xx«t 4 %# y r * y /VT $ Kyyu««ft|ft|c J; o 



— U:L-7U^ ^£*&*lB8Xfti* c G 
S C 5 0 7 7 K^A U 

[0 0 12] , fi^^I#i0 7'7^; KDNA 
SrttffiU »JK»*T«Wri-6^ilcJ:0#A$Hfc^ 
U^i7ry £A • 77/UMj - 2 3 3&&feft&fc 
«>AWr>i-«r*B-JR#*f-arfc^'e#5 0 duplet 

ri§e>ft*AK>i-<D-oii % ie^ev^^y *a - 

77/UMJ-2 3 3«Oftfe*DNASr©JffiH3jf S p 
h I oai5MW:i»l§)9Wt:tiaoTl|f>h5* 
*$*S«I2. 6kb©DNA»frSr#tf5:fc^-C# 

So 

[00 13] :^2. 6kb^U^^>y^^ 
fc»-Ki-*Sfi?t:£frDNAKH-*, «-a<ofHRR 

[00 14] 
[£l] 

* 

ggttWg*!.* (kb) 

1. 2. 1. 4 

1. 0, 1. 6 

0. 5. 0. 7, 1. 4 

0. 6, 2. 0 

0.8,1.8 

0. 1, 0. 9, 1. 6 
[0 0 17] — ^ ±|BO^U^<^7 i y £A • 77/>' 
AM J - 2 3 3 0ft&#DNA£rMISSMkS p h lie* 
ot«l«ft5: £KJ:0fte>ft5±t<*aSiKj2. 6k b 
(OVNAMKlz-o^xi*. *(D&mm?\i$:7>yx* Kp 
UC 1 1 8:fci:tt/£fcttpUC 1 l 9 (^iSi£§!D £ 
ffll^^^^^u^KWSiSfe (d i deoxy 
chain termination^ Sange 
r, F. et. a 1. , Proc. Natl. Aca 
d . S c i . USA, J7_4, p 5 4 6 3 , 1 9 7 7) I: 

IE#J 2 . 6 k b WDNA»f^Oj|Ifi^-y> y - 

7 ^ v^7 Aco#&a>fcft£ Lfc* * 

a- K+S 1 4 4 3<om&m**>mtiLZtix\,^ 9 
[ooi8] ±&Lfz'&ftmm<D&#m%r : 1 

-K1-*«e^**trDNA»frtt, *&<D:7Vev^ 
7y *A • 77^A»fe#DNA^fe»K**tfcfc<0(^ 
*£61\ il^ffi^6ix5DNA^^g, fll^tf^s/ 
^V*rJ&S y s t e m- 1 Plus Srffll>T^$ 
fttzi><DXh<?Xt>£l<\ 
[00 19] ^ft. ±.&<Dt®<7v>e/<<>7Ty ?A • 7 
7^AMJ - 2 3 30^fe^DNA^P>IR#$nS^ 
9!^DNA»r>m, *Utf-~>->>* — K1~5 
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[0 0 2 0] ^±{Ci£ftLfc*t2ri^2. 6kbOD 

dna (ABfrm it. is^^^x^ k, = y 

[0 0 2 2] *M^A^^At6rH^t5, 

y *wmftv<offlmfcmffe&mz>m&**&< t 

-2101 84^ii;a^7^> KpCRY3 
0 ; ft&8¥2-2 7 6 5 7 5 9&*l3BttO:/? * S K 
PCRY21, p C R Y 2KE> pCRY2KX, pC 
RY31, P CRY3KEMpCRY3KX;W 
1-19 16 8 G^&mzm&OzfyX* Kp CRY2 
MpCRY3 ; #B8Bg5 8-6 7 6 7 9 IB*fc 
<D p AM3 3 0 ; 4#0f]B8 5 8 - 7 7 8 9 5^$8lc|E3fe 
<£> p HM 15 19; 1#^Bg 5 8-192900 ^&{C 
iE^Op A J 6 5 5. pAJ6HMpAJ184 

4 ;#BP5J5 7~1 3 4 5 0 0 ^ICgSifctf) p C G 1 
03085 8-3 5 1 9 7 Kfa&co p CG 2 ; WPflBS 

5 7- 1 8 3 7 9 9^mii5ttOpCG42U*pCG 

[0 0 2 3] ^■Cta^lM^i-^^-lt 

*><D##£L<. 05x.ll, 7?*^ KpCRY3 0, p 
CRY2K PCRY2KE. pCRY2KE, pCR 
Y2KX. p C R Y 3 1 x pCRY3KEMpCRY 

[0 0 2 4] ±127^7^^ K^*-pCRY3 0£P! 

* ( Brev »bacter ium s t a t i o n i 
_s_) IF012144 (FERM BP-2515) i» 



^7^;KpBY503 (^^7^; KOfSttHco 
^tliWl-9 5 7 8 5^#M) DNA^itfj 
U *Jffi#&Xho 1 -?*££#J&4. Okb^^ 

fwu mmmmEc or l^OTpn i -e*£$ds 

KJ2. 1 k b©:/?** K©*£fl««&f]6ag*«: 
KpHSG 2 9 8 (SJIifS) OEcoRI, Kpn I 

•«i;sa i inmzm&&tf^t\c£*)^ 

p C R Y 3 0 *VmtZ> - £ #-0§ *„ 

[0 0 2 5] ±15^7^^ 

OA0rtf<0»Att. «^tf^7^^ K-^^-ffclffl 

-t-fc«H2A»«-^i:t/HISLfc^7^5 K-<**-£ 

Miners ^"C^iauT^^ist-f 

*fcttaa*T^^-DNAOS«£TJCDNA 

[0 0 2 6] KpCRY3 0^<D*%W<DAm 

fr(D%An. ^7^^KpCRY30^jffi^Eco 

-Kf 5a€^Sr^tpDNA»fH- (AWrtf) ^DNAD 

# - ■*? -eaft * ^ r * 1 z * r> & 0 c * a$ -e # -5 . 

[0 0 2 7] LTit^ix*^;^ KpCRY3 
0tc^%^^#^^ 2 . 6kb?)AiitBALfc 

a*i^^nu L--xu^^<D«a<c»aicffi 

^f^:^^^^ KpCRY30-ths 

7*7^^ KpCRY 3 0 - t h s <Offr£#j£<Df£ 

[0 0 2 8] r©J:5<CLrart$tt'5^U'*=>^> 

^— tfae^**tf 3 y *innrt?ittnMTO*^ 

7*1 K«r. «^«^»»ca|ALr»»^»<0«#4fe«: 

7!l!)A'77/UMJ-2 3 3 (FERM BP-1 
4 9 7) , ^l^tr^^xy^A-7^^AMJ-2 3 3 
-AB-41 (FERM BP-1 4 9 8) , -fW* 
frVVJ*- 77^AMJ-23 3-ABT-ll (F 
ERM BP- 1 50 0) , T'U^^ry^A-^^ 
/<AMJ -2 3 3-ABD-2 1 (FERM BP-1 

499) «amtfe>*L5 0 

[0 0 2 9] ft*S, iiSOFERM BP- 1 4 98© 
M*MU FERM BP-1 4 9 7^«tU 

— >HM:tt«**r*)6 (^Bg 5 9-28 3 9 8^ 
^#^) o FERMBP- 1 5 0 OtOgg^W:, F 

ERM BP- 1 4 9 7«^tUL-a-7 
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BS62— 51 99 8fkte®&m) . £<blC. PERM 
BP-1 4 9 9<Dmfc\*FERM BP- 1 4 9 7©| 

&&&i-ChZ> Oft0PS6 1 - 1 7 7 9 9 3^W 

mo o 

[0 0 3 0] ZftCb<D'&±®)<Dmc^ 7\s\?s<*7*})t 
A • T>^~Ty^* ( Brevibacterium 
a mm o n i a g e n e s ) ATCC 6 8 7 1, W\A 
TCC 1 3 7 4 5, f^lATCCl 3 7 4 6 ; ;/Hf'*^ 
7-V £A • =f/^) #^A ( Brevibacter iu 
m divaricatum ) A T C C 1 4 0 2 0 ; ;/ 
U-tf/^T !i *}M-7? h7T-*>?J* ( Brevi 
bacter iumlactofermentum ) A 
TCC13869 ; =»y^/^"r y ?A • 40w**#A 

( Corynebacter i urn glutamic 
urn) ATCC3 183 1^$»tUfP5 

[0 0 3 1 ] iiiLry^^^r^A' y 

7^MJ~2 3 3^®^ffll>^ 
MtS^^^ KpBY5 0 2 (#&P86 3-3 6 7 

h*<OX. *©*5fc»&ICHU K 
pBY5 0 2Sr»*-f5wtisa*U\ %<D±?t£7 

(B a c t . Rev. 3 6 p. 361-4 0 5 (19 
7 2) *Jft) . ±IE^7^^ KpBY5 0 2£A&ff)lC 

[0 0 3 2] ^U^^T^y *A • - 
2 3 3<D£«*r^±fcffl*f *»*©T* y *J**U 
^iM*£:0. 2-50Mg/ral) t>L<ttxf»; 
•>^nn* (IS:0. 2-5 0/ig/mI) 
€f^lCs lm 1 SOfti 0 3WJ»lC3fc6J:5«-*i!U 
iW5r^ii:|i§l/^^^2 4«#!)3 5t;-eJ&^ 

Y5 0 2&»&£ti1t7i'\fWr9 VJx • 7 7/<AM 
[00 33] ^JOipCLT^eWT'Utr/^fy') 

a • ^ 7'<j*m j - 2 3 3 bmmft^vmmyy * * k 

~T • #n h#^|co^Tft^ftTV>5J;5lC (Ca 1 
v in, N. M. and Hanawa I t, P. 
C. , Journal of Bacteriolog 
Vf 1 7 0 , 2796 (1988) ; I to, K. , N 
ishida, T. andlzaki. K. , Agri 
cultural and Biological C 



h e m i s t r y , 5 2 , 2 9 3 (1 9 8 8) % 
DNAg£^(0^/W;xjfciim [Satoh, Y. e t 
a I . , Journal of Industrie 
1 Microbiology, _5, 159 (199 

o) &m kj:*)-??** h'*mA-rzzk&*im-eh 

[0 0 3 4] *>< *&W<D X 

m&ftMbVXl*. MjLttmmL1t?7X$ KpCRY 
3 0-th s^W^^^7 li £A • ?7^A 
MJ 233-ths (FERM P-1 2 8 5 8) £2p 

[0035] ±ieco^-c^^t-c y #e>n^^ix^ 

l/^fy^ • 7 7/UMJ-2 3 36^to^H 

^brv^-^A, 58»r>*~? 
a, y >-ss::;>Mf#y ?a, «M^y*v*A5asjHv* 

If* ^ V»^*#*£»iftte8Hnr1-a r t &X Z 5 0 
[00 3 6] ffiftfftt, SS^O^^* 

ttTK* |<J20^40^ »*L<^2 5t^3 

1 0. &*L<l*7~8#iat-t-5;i 

tf> P Hiitt^X«:7/^ y ^r^Jto LTf? ?Z.k 

Mrt:ii*l-7H|IDi:+5^fc«s-et, flMij;3Q 

[0 0 3 7] ^roJ:5fcLT#t>*u5»**XHt#*te 
# hfi%> S fttt L - * ><o$«iti-^-t- 5 - 

[0 0 3 8] L^LT^^IC^t^ ^3-^^, 
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[00 3 9] <*|C, *&W<D7y X * K-e«jM5lft L 9 
±iB(Z>fti<WJt$nfc»IW**y!:tt^©BS{l: 

[0 0 4 0] ±E*ttJ^«*0^/V3-;*fc§fcj: % ii 

sro. i~5. om-Mi%<Dmmftt-tzzkfc'T?%z> 0 

[0 0 4 1 J &*t£a£j0fti, ±B©J:5K, 

» v >m*tzte h v xm&ot&wim-ohzz t*>xz 
&.±m&Lxm^z>zb&x£z 0 

[0 0 4 2] *%W\Z'tfiO L-^^'^n>Kit&tcioV^ 

6: (NH 4 ) 2 S0 4 2 g/l ;KH 2 P0 4 0. 5 g 
/l ;K 2 HP0 4 0. 5g/l ;MgS0 4 • 7H 2 
00. 5g/l ;FeS0 4 • 7H 2 02 Op pm ; M 
nS0 4 •4-6H 2 O20ppmttt5pH7. 6 

[0 0 4 3] *&m<DL~-xu*~>>nigmzis^x& 
i&<DmM*mmcvx-f&ici<^5 o% (wt/vo 

1 ) . L<tt2~20% ( w t / v o 1 ) <£>*fflrt 



<fitt3 0-«4 OtOia^-Cifi^t 0-^7 2^ 
[0 0 4 4] ±§e^D<H^SJ^(C < toT±/*-f6L- 

[0 0 4 5] 

^^^ri; ?A • 7 7/UMJ-2 3 3^3^<O^U- 
Hr-^^st— l?£ri-K1-£iSfc^£^tfDNA (A 

[0 04 6] (A) ^U^<^fy^A - 77/UMJ 
-2 3 3C0£DNA<0tatti 

¥£jft8*A#ift (M:«i2g, (NH 4 ) 2 S 0 4 
7 g, K 2 HP0 4 0. 5 g, KH 2 P0 4 0. 5 g N 
M g S 0 4 0 . 5 g , FeS0 4 • 7 H 2 O 6 m g . M 
nS0 4 4~6H 2 06m g> m&^**2. 5g. # 
f^^5g, Wy2 00/ig, Mf7;y20 

0m g, ^^2 0 g , m®7ki 1)11 Kyu-hr 

^fy^A-77/UMJ-2 3 3 (FERM BP 
- l 4 9 7) Sr#«i8fcJ8g#*-eigHu B§#££«> 
fc c ^ibtifclM l 0m g/m l ^>Ml: U /f-A 
Sr^tMOmM N a C 1 — 2 0 mM h V nffiSftWt ( p 
H8. 0) - 1 mM EDTA-2NaMl5mll: 

g/m i lefts £ ?£&tau 3 7t:-ei^r^aL 
fc 0 £e>fcK^>/i^fc&-fhy * A 0. 5 

%lcft£<fc ple^U 5 0t:T6^r^iaLr^U 

&£^jdu ^ia-ei o^^s^jweS&Lfcig, ± 

££S'6#S! (5, OOOXg, 2 0^1 10—12 
tZ) U ±f*lS#£r#J&U fflPSf^hU *A£0. 3M 
£ft3<t9K8s;toL*:&, 2f&S(03:^/-/^^>o< 
0irAn^fc o *^£^*/~/Wi<£fim£#&^5DNA 

mifetfCc fbnfcDNAlClOmMNy^ifi 
(pH7. 5) - ImM EDTA-2NaM5ml 

[0 04 7] (B) fe^X^cOilJ^ 
±ie (A) ^l^fc^Utf^^r y ^A • 7 7/UMJ 
-2 3 3«iDNA»9 0^ l^i»|{Sph 1 
50un i t s£ffit\ 3 7ttll»Bl»£^ia 
*tfc 0 :os P h l5)H?DNAi:^p^y^^^ 
-PUC119 (SSig.fciJrfrJE) »IHm«Sphl 
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mMMI^ttifiK (pH7. 6), lOmMv'Wl/ 
-f h-/K IraM ATP. lOmM MgCI 2 M 
T4DNA'; if— tf 1 u n i t<D&tfL#£mttlL 

[0 04 8] (C) fcffr^-K-TS 

DCGSC507 7 (the C100 1) 
( ( ) ££^1! (Ge n o 

type) £^1") o 

[0 04 9] ±.12 ( B ) ^-C#e>^^7^^ Kil&Sr 
4Sft*/^>«^A (Journal of Mol 
ecular Biology, 5 3 , 1 5 9, 1 9 7 
0) {z£t)±&x-i/x.V t7 ■ a!) CGSC50 7 7*fc 

(K 2 HP0 4 7 g, KH 2 P0 4 2 g. (NH 
fg2j* y^T,^ K 

jgjHgfigg »tt«tt» 
BamHI 2 
P s t I 2 
H i n d III 1 

[0053] ±M<nmmmmz£v®&<$vbtiz>77 

KtrpUC 1 1 9 - t h s tfi)%Vtz 0 Wia?) 
##)2. 7kbODNA»r/i (Sphlim £r#S^ 

[0054] mmw2 

mmwKD (o mvmbtitzxi'*~>i'>'*-- 

3-K+S£fc^£l£tJ&£#ft2. 6kb<DDNABr 
^■IIOV^, ^^^ifi^J^y^X^ KpUCl 1 8*5 

WpUC l i 9 (£JIig») trfli**^:***/** 
K#ifc& (dideoxy chain ter 
m i n a t i o n 2£) (Sahger, F. et a 
I. , Proc. Nat. Acad. Sci. USA 
7 4 , 54 6 3, 1 9 7 7) K <fc 9 [3 2 K:^ Lfc WIS 

[0055] ^^tSE^ij^^t-/^ y ^7 
u-Aw£fej>ib. r^^vvh^-f— tf*T3-Ki-5» 

4 8 1{B<0T^ K1-£l 4 4 3^IS^J;D 
MA £ v x 6 r W L /c 0 
[0 0 5 6] gyfcfl*l3 

R Y 3 0c9f£$t 
(A) 7y*x KpBY5 0 3cOpg|!j 



4 ) 2 S0 4 lg,MgS0 4 • 7 H 2 O 0 . lg, ^ 

2 o g »r/*^ l 6 g i i \cm 

[0050] z<Dmm±L<D±ifftz%mic£>)m#;®m 

3. 2kb<ODNA»r^:M, 1$2. 6 k b <£>WA 
*©ft*»2. 6 k b0DNAmft<Dfflm&». 

it a z<DDKAmKmimmmim&&®zm lie* 
1% 

[0 0 5 1 ] *fc±IB"C#fc^7^5 K^^jPS^ 

[00 5 2] 
1^2] 

pUCl 19-ths 



wmmK<o*£ts (kb) 

1. 4, 4. 4 
0. 9, 4. 9 
5. 8 

/7^U'pBY5 0 3li, yi/^<^f y ?A • 
ft-^IF012 144 (FERM BP-251 

5 h-?*>*). Wl-9 5 7 8 5-^^ICfe^^9 

[0 0 5 7] *-&riW«A*» 2 g , (NH 4 ) 2 

S0 4 7 g, K 2 HP0 4 0. 5g, KH 2 P0 4 0. 
5g, MgS0 4 0. 5 g. F e S0 4 ■ 7 H 2 O 6 m 



g, MnS0 4 • 4-^6H 2 06mg, 



^**2. 



5 g , >t7iF5/i&5g, my200/i g, j&i&^t 

^200/ig, ^3-*2 0g&tf!£@7kl 1] 1 
1 (C, 7u\?s<?tV *A • I FO 1 2 1 

4 4^MWM*mi, S#«Sfcfc« *#e> 
tbfc^Srl Omg/ra 1 (Dm&lz V V <J— J*fr£tM 
mm (25mMhy* (t Kn^vyf/U) T^/^^ 
V, 1 OmM^EDTA, 5 0mM^-^) 2 0m 

ik«»u 3 7femi«Ri£:^fc. s^i-r^ 

#y-SDS*£ [0. 2N NaOH, 1% (W/V) 
SDS) 4 0ml £»U LT^iBKT 

& [5M&m*V ^6 0mK fitttl 1. 5m 
l,Sfc®*2 8. 5ml«^I) 3 0ml&mft]U 

[00 58] »«4IB±fi«:ift^ff IC^ U 4 t-C 1 0 ft 
«L 15, oooxg©58^^*lfc^it. ±a»«r» 
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?nn #/VA = 1 : 1 ffiftft) $r*0;i®$)Lfc 
»'fr*K#U ilTt5^B % 15, OOOXg 

<»&>bftmcML 7km&MtiLLiz 0 *mc2mm<D* 

#B8, 1 5, 0 0 0 X gO&bftMft:**!*. tt»«:(HlJ|X 

[0 0 5 9] a*£«mfc«gL TEMK C h y ^ 1 
OmM, ED T A ImM ; HC 1 CtpH8. 0£Vi 
SO 2 m 1 lC$g#Lfco 8W«l^k-fe^^A»» [5 
»**©TE«firttl 00ml {Z.mt'ti'tJ* 1 7 0 g 
*r«#P**fci*) 15mUl0mg/mlxf^ 
>^o^-< K»Klm I SrAlxT, flBttfcl . 3 92 g/ 
m 1 iC^^fc, r<0««*r 1 2trC4 2B£fflk 11 
6, 0 00Xg^i^ o f :9 

[0 0 6 0] KpBY5 0 3li#*»fia#l;:J: 

^ Kfrffitt« v Cit'MF«>Mli^&tk# 1 5 r £ ic <t 9 , 
^7*KpBY503 £^t?#MK*r#fc. fcive- 

if^^A^nW KMWBMtftU *<z>«Icte«« 
ftfc#LT3$f£?Tort: 8 »*>ixfc:/?;** KpBYS 
o 3 «r^tpa«f*Jc 3 MMt h y * 
3 0mMK8s#PL7h&, 2f&§a:^y- / v^^ v _ 2 
OTCHMUlMLfc. :w»jS4ri5, OOOXgcoit 
^ii:WTDNA^ttP$^t, 7?*% KpBYS 
0 3$r50/i gffrfc. 

[00 6 1 1 (B) T*?** K^^^-pCRY30<O 

iM 

^U*pHSG2 98 (^filSH) 0. 
8ig*£S all (5 u n i t s) £3 7t: 1 ttWKJfcS 
H\ 79*5 KDNA*r36±ki»j*Lfc. ±12 (A) 3® 
-CMLfc^T^ KpBY5 03<D2 ji gKffiRHftl 
Xhol (lunit) £3 7t-C3 0#BIR££li\ 

[0 0 6 2J ^#<0>^7^^ KDNA£#fe£:&g»U 

0mMMJ^affpH7. 6, 1 OmM MgC 
1 2 > lOmM^f^ K ImM AT P& 

IfT 4DNAU 2f*-H 1 un i t left* i 5IC#*»* 

3M:u i 6"C-ei sifflfflt&Lfc. :«»«mht 

!)t7'3!l JM10 93>fry (^jg 

I0 0 6 3]^I(bMfi3 0 M g/ml 

100/ig/ml OIP 
TG (^y^D^-^-D-f«7^ Y\£y/*s 
K) lOO^g/ml C0X-ga 1 (5- 

h^7/>K) «r«trL«* (hy^h>10 gx PS 
x ^5g, NaC 1 5g^tf^@7Kl 1 % P H7. 



2) T'37tl:t24^«U 4W^atfr^ 

(T. Man i a t i s, E. F . Fritsch, 
J. Sambrook, "Molecular clo 
ning" (1 982) p90-9 1 &M) IC«fc9Jft£±j 

[0 0 6 4] *<D%jM s KpHSG2 9 80S 

a 1 I»:y7^^ KpBY5036^4. 0k 
b<D»tfasj»A*ftfc:/7*$ KpHSG2 9 8-o r 

i^#bn/c 0 fc\zmm«>ifm*mii\ soi2 (a) js-c 

f#fc*bfc;/7*S Kp BY5 0 3DNA^WfKp 
n I AVE c o R I lCTfeILt»?)tL5tt2. lkb 
ODNAWrK&±m77X* KpHSG2 98-o r i 
W p n 1 ME c o R I »^ o-ny^u zfy 

*z k^^ p cry3 o&mmi,ti 0 

[0 0 6 5] HlfefljU 
yy*$ KpCRY30- t h s <Dftf£R.Tf=' }) 

nmmi<D (o *r?»fc;h,fc:/?*$ k p uc 1 1 9 

- t h s 5 /1 g&MPBtfsRS p h I 5 u n i t sfflv\ 
3 7lCt*l«PBS«:**»«pufctofc % EcoRiy 
(^jg»i: OrffJR) ljilfcft^U 5 0mMh 
y*&3ff£ (pH7. 6) , lOmMm^K 
A\ ImM ATP, lOmM MgC 1 2 J:(/T 4 
DNAy^-flun i tO^MaailL 

> 1 21C-C1 5^WKiS$*« 

[0 0 6 6] r4>DNA*MMMtEc oRI 3un 
i t s£JB^3 7lCTli$|«£j£:$tf^Lfct><o*, 
*««|3<D (B) ^"C^f>n^^7^5 KpCRY3 0 
1 m g SrftJRgg^E c o R I lunit 3 

7tT?l^ns«:*-&^«|LfcfeO*iB^U 5 OmM 
H)^8««(pH7. 6). 10raMyft7Wh 
ImM ATP, lOmM MgCI 2 :fcJ:tfT 
4DANy#— tfl un i t W*rt»«rWlDU 

tt^$*fco £©3^*5 Kfcfflwt, i»£#«fcicftv* 

UMBOS'*: ytr*^yCGSC507 7&%&'gm& 
U S/}' 5 O/i g/ml $r^tri§ftigifc [K 2 

HP0 4 7 g> KH 2 P0 4 2g x (NH 4 ) 2 S0 4 1 
g, MgS0 4 -7H 2 O0. lg, ^/Urt-X2 Og 

*xmx i e g 1 1 izmm) icm& Lit. 

[0 0 6 7] 

ffit^tir^, ^7^n'pCRY30(Dl$ 
8. BkbODNA^IdD^ ^^$2. 6 k b <D# 
ADNAltfJtaJSga&fcftfc. ±!2^<|@iK^ixfc7 P 7 
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[0 0 6 81 7'l'¥/<?'r } ) *7 J* • 77^AM J - 2 3 
3 (FERM BP-1 49 7) ~7y*% KpBY5 0 
2J&:fel*& 10 0ml OHtlHBA**-C»**Sttnffl*-e 

JLT, 3bfc:2»Sfflifi»§*U »4>#flifcJ:0B§ 
2 0ml toftfrxWMWL ( 2 7 2 mM 
Sucrose, 7mM KH 2 P0 4 , 1 mM M 
gCl 2 ;pH7. 4) KT*»Lfc. $e>^M**it 

7 5mlOHM, (IWB-CWfettfc^^^ KDNAB 

%3^ /7^^ Kp 

M1RIBK WWMfefc 
E c o R I 2 
B amH I 2 
Kp n I 2 
Xh o I 2 

10 0 7 0] ±I5^J^SI^tci:9^m^ite)tt5y7^ 
5 KSrpCRY 3 0- t h s Ltc* ZCDyxS. K 

pcry3o - t h &<omm&mz£z>wm&*m&m 

3lC*H% ft**, -f=7^\ KpCRY30-ths{Ci; 

2 3 3- t h stt s tftfffclTl 1*3^ 

Btt"C : &XflrM3m 1 2 8 5 8^ (FERM P-l 
28 5 8) fcLTttttSfrO**. 

[00 7 1 ] mmms 

-?y*^ Kp CRY 3 0- t h s 0>£J0£ 
WiBOA»fl6l 00ml^5 0 0m l^H^^y^^iC 

w 4 "c»fc^snE«wfey u- if /< * ^ y *7 A - 7 9 '< AM 

J 23 3-ths^HlU 3 0ti:t2 4W» 
3££tfofc&. ra«JCLTSI»tfcA*«il OOml^ 

soomi^^^^^ic^u i2 0t:-ei55> 

RBM&LfcfccOlC, lml^fc»)50cel 1 
tcfc6£5t;:«J&u [SJC< 3 0 < ClCT2 4«Frat6»^ 

*-*-W^«rl 5 m g/m 1 OfiJ^T^DLfcA^ife 

[0072] ^t^i/ >mm%> <t iftgram 

ft, 

[0 0 7 3] jfeftflj|6 
«« (**0. 4%, ««7^-!?Al. 4%, KH 



/i'K 2 ! 5mFD|:KSU /<^*BljD**«tHC2 0 
^tlfco £ft£3m 1 <OffiEA»J(Mc»L3 Ot: 

fe*tf»eA*35««Kc*aL3 ot:-e2-3 b 

M093 (A) Blcm0*tte*fflV>T7 p 7*£ Kfctt 
fco :<^/7^; F«r4Hl»|IW*-C9WfLT, iaRfrKfr 
fcWSUt. *<B«**Te*3»c*-r 0 

[006 9] 

[^3] 

CRY3 0- t h s 



(kb) 

8. 7, 2. 6 

3. 3, 8. 0 

3. 6. 7. 7 

2. 9, 8. 4 
2 P0 4 0. 0 5%, K 2 HP0 4 0. 0 5%, Mg S 
0 4 • 7H 2 OO. 0 5%. CaCl 2 • 2 H 2 O 2 p 
pm, FeS0 4 •7H 2 02ppm > MnS0 4 -4 
-6H 2 02 ppm, ZnS0 4 '7H 2 02ppra, 
NaCl 2ppm> W>200Mg/L ? 
^•HCl lOO^g/K ^f^ySfeO. 1%. fi* 
0. 1%) 100ml$:500ml^77 
SKB (&&H&pH7. 0) Lfct*7HT'< 
^f'J^A* 7 7/^A ( Brevibacterium 
flavum )MJ233-ths (FERM P-l 
2 8 58t) ?rMlt, »I»l^;V3-^Sr5g/l 
©»«i*-5J:5irJP^ 3Oti:t2 0F«^^ 

[0 0 7 4] WC, 5%, ttfift 

7^-)A2. 3% x KH 2 P0 4 0. 0 5%. K 2 
H P 0 4 0 . 0 5%, MgS0 4 * 7 H 2 O 0 . 0 5 
%. FeS0 4 - 7H 2 O20ppm> MnS0 4 • 4 
-6H 2 O 2 0 p p m, 200Mg/l> 

r/'Hci iooMg/i, *f ^yfto. 3%, 

m&3L*rX0. 3%) Ol 0 0 0m 1 &2 1 
t«ctt&#* (1 2 Ot:. 2 05MH) ttCMJCF 
#^20m 1 ^r^nLT. @CiKl OOOr pm, il 
Mlvvm, M3 3t, pH7. 6lCT2 4ftlB* 

[0075] *£#*&T&, 500ml 

m C (NH 4 ) 2 S0 4 2 g/l ; KH 2 P0 4 0. 5 g 
/\ ;KH 2 P0 4 0. 5 g/l ;MgS0 4 • 7H 2 
O0. 5g/l ;FeSO 4 «7H 2 O20ppm;M 
nS0 4 -4-6H 2 O20ppm;f7; 1 
00//g/l ;pH7. 6] ©1 000ml tC^^ % 



-11- 



®$£&3 0 0 r pm, ii^,SO. Ivv 
m, SS33t:, pH7. 6ICT2 4^^^^tTo 

[0 0 7 6] KJS»T«, (4 00 0 r p iik 

0. l5g/ltfcot :«l^7l^ 
««5 0 0 ml <r. (H* §1) 

0. SNTy^Tjk^SMiSttfcflL L-^u^^> 

[0 0 7 7] Jt««tLT, i^«<o*#ict. ^ 
Hf/<^7 y ) VJ* ' 7 7^A ( Brevibacter 
i urn f 1 a v urn ) MJ-2 3 3 (FERM BP 
-1 4 9 7) ***U (WI©*#fcTRJ&3*fc«± 

GTG 
Val 
1 

ACT 
Ser 

CCT 
Pro 

GAG 
Glu 



*<PL-* 0. lg/l^ofc, 

[0 0 7 8] 

um&i m?m^ : 1 

mmOfflS : Genomic DNA 

mm 

W£ : MJ233 

#»t*i"iB» : peptide 

: 1-1446 
«HMr*tlfc*tt:P 



GAC TAC ATT TCG ACG CGT GAT GCC AGC CGT ACC CCT GCC CGC TTC 48 
Asp Tyr lie Ser Thr Arg Asp Ala Ser Arg Thr Pro Ala Arg Phe 

5 10 15 

GAT ATT TTG CTG GGC GGT CTA GCA CCA GAC GGC GGC CTA TAC CTG 96 
Asp lie Leu Leu Gly Gly Leu Ala Pro Asp Gly Gly Leu Tyr Leu 

20 25 30 

GCA ACC TAC CCT CAA CTA GAT GAT GCC CAG CTG ACT AAA TGG CGT 144 
Ala Thr Tyr Pro Gin Leu Asp Asp Ala Gin Leu Ser Lys Trp Arg 

35 40 45 

GTA TTA GCC AAC GAA GGA TAC GCA GCT TTG GCT GCT GAA GTT ATC 192 
Val Leu Ala Asn Glu Gly Tyr Ala Ala Leu Ala Ala Glu Val He 

50 55 60 

CTG TTT GTT GAT GAC ATC CCA GTA GAA GAC ATC AAG GCG ATC ACC 240 
Leu Phe Val Asp Asp He Pro Val Glu Asp lie Lys Ala He Thr 
70 75 80 

CGC GCC TAC ACC TAC CCG AAG TTC AAC AGC GAA GAC ATC GTT CCT 288 
Arg Ala Tyr Thr Tyr Pro Lys Phe Asn Ser Glu Asp He Val Pro 

85 90 95 

ACC GAA CTC GAG GAC AAC ATT TAC CTG GGC CAC CTT TCC GAA GGC 336 
Thr Glu Leu Glu Asp Asn He Tyr Leu Gly His Leu Ser Glu Gly 

ioo 105 no 

ACC GCT GCA TTC AAA GAC ATG GCC ATG CAG CTG CTC GGC GAA CTT 384 
Thr Ala Ala Phe Lys Asp Met Ala Met Gin Leu Leu Gly Glu Leu 

115 120 125 

GAA TAC GAG CTT CGC CGC CGC AAC GAA ACC ATC AAC ATC CTA GGC 432 
Glu Tyr Glu Leu Arg Arg Arg Asn Glu Thr He Asn He Leu Gly 
130 135 140 

ACC TCT GGC GAT ACC GGC TCC TCT GCG GAA TAC GCC ATG CGC GGC 480 
Thr Ser Gly Asp Thr Gly Ser Ser Ala Glu Tyr Ala Met Arg Gly 
150 155 160 

GAG GGA ATC CGC GTA TTC ATG CTG ACC CCA GCT GGC CGC ATG ACC 528 
Glu Gly He Arg Val Phe Met Leu Thr Pro Ala Gly Arg Met Thr 



TCC 
Ser 
65 
GCA 
Ala 

GTC 
Val 

CCA 
Pro 

TTC 
Phe 

GCT 
Ala 
145 
CGC 
Arg 
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CCA TTC 
Pro Phe 

AAC ATC 
Asn He 

GCT GTC 
Ala Val 
210 
CTG AAC 
Val Asn 
225 

GTT TCC 
Val Ser 

TTC TCC 
Phe Ser 

GCC CGC 
Ala Arg 

GAA AAC 
Glu Asn 
290 
CGC AGC 
Arg Ser 
305 

TCC CGC 
Ser Arg 

GAC GCC 
Asp Ala 

GGA TTC 
Gly Phe 

TAC GGT 
Tyr Gly 
370 
ATC GCT 
He Ata 
385 

GCC GAC 
Ala Asp 



165 

CAG CAA GCA CAG 
Gin Gin Ala Gin 
180 

GCC CTC GAC GGC 
Ala Leu Asp Gly 
195 

TCC GCC GAC GCG 
Ser Ala Asp Ala 



TCC ATC 
Ser lie 

TCA TGG 
Ser Trp 

GTA CCA 
Val Pro 
260 
CAA ATG 
Gin Met 
275 

GAT GTG 
Asp Val 

TCC GCA 
Ser Ala 

GCC TCC 
Ala Ser 

ACC CGC 
Thr Arg 
340 
TCA CTG 
Ser Leu 
355 

TTC GCC 
Phe Ala 

GAC GTG 
Asp Val 

GGC GTT 
Gly Val 



CCA ATC 
Pro lie 



ATC GTC 
He Val 
420 

ATC GTC GAA GCA 



AAC TGG 
Asn Trp 
230 
ATC CGC 
lie Arg 
245 

ACC GGC 
Thr Gly 

GGA CTT 
Gly Leu 

CTC GAC 
Leu Asp 

GAC ACC 
Asp Thr 
310 
AAC TTC 
Asn Phe 
325 

GTC AAC 
Val Asn 

GCT GAT 
Ala Asp 

TCC GGA 
Ser Gly 

CAT TCC 
His Ser 
390 
CAC GTG 
His Val 
405 

CTA GAA 
Leu Glu 



ATG TTT GCC 
Met Phe Gly 
185 

GTT TTC GAC 
Val Phe Asp 

200 
GAA TTT AAA 
Glu Phe Lys 
215 

GCT CGC CTC 
Ala Arg Leu 

ACC ACA ACC 
Thr Thr Thr 

AAC TTC GGT 
Asn Phe Gly 
265 

CCC ATC GAT 
Pro lie Asp 

280 
GAG TTC TTC 
Glu Phe Phe 
295 

CAC GAG ACC 
His Glu Thr 

GAG CGT TTC 
Glu Arg Phe 

GAT CTA TTT 
Asp Leu Phe 
345 

GAC GCC AAC 
Asp Ala Asn 

360 
CCA TCC ACC 
Arg Ser Thr 
375 

CGC CTC GAC 
Arg Leu Asp 

GCA CGC CAG 
Ala Arg Gin 



170 

CTT GAC 
Leu Asp 

GAT TGC 
Asp Cys 

AAA GAC 
Lys Asp 

ATG GCA 
Met Ala 
235 
AGC AAT 
Ser Asn 
250 

GAC ATT 
Asp He 

CGC CTC 
Arg Leu 

CGT ACC 
Arg Thr 

TCC TCA 
Ser Ser 
315 
ATC TTC 
He Phe 
330 

GGT ACC 
Gly Thr 

TTT GAA 
Phe Glu 

CAT GCT 
His Ala 

GTA CTA 
Val Leu 
395 
TGG AGG 
Trp Arg 
410 

CCA GTG 
Pro Val 



GAT CCA AAC 
Asp Pro Asn 
190 

CAA GAC GTA 
Gin Asp Val 

205 
AAC CGC ATC 
Asn Arg lie 
220 

CAG GTT GTG 
Gin Val Val 

GAC CAA AAG 
Asp Gin Lys 

TGC GCA GGC 
Cys Ala Gly 
270 

ATC GTG GCC 
He Val Ala 

285 
GGC GAC TAC 
Gly Asp Tyr 
300 

CCT TCG ATG 
Pro Ser Met 

GAC CTG CTC 
Asp Leu Leu 

CAG GTT CGC 
Gin Val Arg 
350 

AAG GCT GCA 
Lys Ala Ala 

365 
GAC CGT GTG 
Asp Arg Val 
380 

ATC GAT CCC 
lie Asp Pro 

GAC GAG GTC 
Asp Glu Val 



175 

ATC TTC 
He Phe 



576 



GTC AAG 624 
Val Lys 

GGT GCC 672 
Gly Ala 

TAC TAC 720 
Tyr Tyr 
240 

GTC AGC 768 
Val Ser 
255 

CAC ATC 816 
His He 

ACC AAC 864 
Thr Asn 



CGA GTC 
Arg Val 



912 



960 



ACT GCA CTC 
Thr Ala Leu 
425 

ATT GGT CAA GCA CCT CAA ACT 



GAT ATC 
Asp He 
320 

GGC CGC 1008 
Gly Arg 
335 

CAA GGC 1056 
Gin Gly 

GCA GAA 1104 
Ala Glu 

GCA ACC 1152 
Ala Thr 

CAC ACC 1200 
His Thr 
400 

AAC ACC 1248 
Asn Thr 
415 

GAC ACC 1296 
Asp Thr 



AAA TTT GCC 
Lys Phe Ala 
430 

CCA GAG CGT TTC GCC 1344 
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Tie Val Glu Ala lie Gly Glu Ala Pro Gin Thr Pro Glu Arg Phe Ala 

435 440 445 

GCG ATC ATG GAT GCT CCA TTC AAG GTT TCC GAC CTA CCA AAC GAC ACC 1392 
Ala lie Met Asp Ala Pro Phe Lys Val Ser Asp Leu Pro Asn Asp Thr 

450 455 460 

GAT GCA GTT AAG CAG TAC ATA GTC GAT GCG ATT GCA AGC ACT TCC GTG 1440 
Asp Ala Val Lys Gin Tyr lie Val Asp Ala He Ala Asn Thr Ser Val 



465 470 

AAG TAA 

Lys 



475 



480 



1446 
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